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A coordinate measuring device and a method for measuring the position of an object 



The invention relates to a coordinate measuring device having a probe for 
contacting the object to be measured, the probe comprising (a) a sensing member for 
contacting the object, (b) a support unit, (c) a supporting element connecting said sensing 
member to said support unit, (d) a detection member, and (e) detection means for detecting 

5 the position of said detection member. 

In general the sensing member for contacting the object has a spherical shape 
and is mounted at the end of the supporting element having the shape of a bar. The sensing 
member and the supporting element are often indicated as stylus, whereby the sensing 
member is the stylus tip. The supporting element is connected to the support unit, which unit 

10 may contain springs or other means to provide an elastic connection between said support 
unit and said supporting element. 



A coordinate measuring device of this type is disclosed in GB-A-2205650. In 
15 it the supporting element is connected to the support unit by a leaf spring and the supporting 
element extends beyond the leaf spring, where a detection member is attached to the end of 
the supporting element. The position of the detection member related to the support unit is 
measured by detection means, the detection means being attached to the support unit. The 
position of the sensing member can be calculated after the position of the detection member 
20 and the position of the support unit are known. 

Detection of the position of the detection member means that the location 
(three coordinates) of the detection member is measured, and, furthermore, that the 
orientation (three angles) of the detection member is measured. So, the position of the 
detection member is defined by six degrees of freedom. 
25 The location (i.e. three coordinates) of a certain spot on the surface of an 

object can be measured by detecting the position of the detection member relative to the 
support unit when the sensing member is in contact with that spot, provided that the position 
of the support unit is known. However, because the sensing member is pushed against the 
surface of the object, a force will be exerted on the end of the supporting element and, 
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therefore, the supporting element will bend and deform to a curved shape. Such bending of 
the supporting element during the measurement will result in a measurement uncertainty. 



An object of the invention is to provide a coordinate measuring device by 
which the deformation of the supporting element (stylus) does not influence the result of the 
measurement. 

In order to accomplish this objective, said detection member is carried by a 
connection element, and said connection element is attached to said sensing member. By 
connecting the detection member through a separate connection element to the sensing 
member, and not through the supporting element, there is always a predetermined relation 
between the position of the sensing member and the position of the detection member, 
independent of the forces exerted on the sensing member. Such forces may deform the shape 
of the supporting element, but such forces do not affect the shape of the connection element 
and, therefore, will not affect the relation between the position of the sensing member and the 
position of the detection member. 

Preferably, said supporting element and said connection element are 
positioned substantially parallel with respect to each other. As a result, the sensing member is 
free to contact the object to be measured, except at the side where both elements, the 
supporting element and the connection element, are attached to the sensing member. 

In one preferred embodiment, the length of said connection element is larger 
than the length of said supporting element. Therefore, the detection member at the end of the 
connection element can be located beyond the location where the supporting element is 
attached to the support unit, seen form the side of the sensing member. This will be further 
elucidated when an example of the device is described. 

In one preferred embodiment, said supporting element substantially envelops 
said connection element. As a result, the cross-section of the supporting element may have a 
U-shape, but preferably the supporting element has a tube-like shape, so that the connection 
element completely surrounds the connection element. 

In one preferred embodiment, said supporting element as well as the 
connection element includes a bend, so that the sensing member extends sidewardly. Such 
sidewardly directed sensing member can be used to measure the inside surface of a bore. 

The invention also relates to a method of measuring the position of an object, 
the object being contacted by a sensing member of a probe, the probe comprising the sensing 
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member, a supporting element carrying the sensing member and being attached to the support 
unit, in which the position of the sensing member is measured by detecting the position of a 
detection member which is connected to the sensing member through a connection element, 
separate from the supporting element. 

The invention will be explained in more detail hereinafter by means of a 
description of some embodiments of a probe for a coordinate measuring device, in which 
reference is made to a drawing, in which: 

Fig. 1 is a perspective view of a coordinate measuring device; 

Fig. 2 shows a probe according to the state of the art; 

Fig. 3 shows an embodiment of a probe according to the invention; 

Fig. 4 shows a second embodiment; 

Fig. 5 shows a third embodiment; 

Fig. 6 shows a fourth embodiment; and 

Fig. 7 shows the detection means. 

The figures are merely schematic representations of an embodiment, in which 
less relevant parts are not shown. 

Fig. 1 shows a coordinate measuring device having a base 1, for example 
made of granite. On the base 1 there is a first stage 2 which can move in one direction (Y- 
direction) with respect to the base 1, as indicated by arrow 3. The measuring scale 4 shows 
the linear position of the first stage 2 relative to the base 1. 

A second stage 5 can move in one direction (X-direction) with respect to the 
first stage 2, as indicated by arrow 6. The measuring scale 7 shows the linear position of the 
second stage 5 relative to the first stage 2. And a third stage 8 can move in one direction (Z- 
direction) with respect to the second stage 5, as indicated by arrow 9. The measuring scale 10 
shows the linear position of the third stage 8 relative to the second stage 5. 

The lower end of the third stage 8 carries a probe, comprising a support unit 
13, which is attached to the third stage 8, and a stylus 14 extending downwardly from the 
support unit 13. The stylus 14 is connected to the support unit 13 by elastic means, for 
example spring means, so that the stylus 14 can hinge with respect to the support unit 13. 
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By moving the first, the second and the third stages 2,5,8 with respect to each 
other and with respect to the base 1, the probe 13,14 can be positioned at any predetermined 
location relative to the base 1. Such location can be indicated by three values measured on 
the three measuring scales 4,7,10. 

An object 15 to be measured is placed on the base 1 of the coordinate 
measuring device, which is diagrammatically shown in Fig. 1. The geometry of the object 15 
can be determined by measuring the exact location of certain spots on the outer surface of the 
object 15. 

In order to perform such measurement the probe 13,14 is moved by moving 
the stages 2,5,8 in such way that the tip of the stylus 14 (the sensing member) abuts against 
the relevant spot on the surface of the object 15. Then the location of the sensing member 
relative to the support unit 13 is determined, so that the position of the relevant spot on the 
surface of the object 15 can be calculated. By repeating such measurement at different spots 
on the surface of the object 15, the geometry of the object 15 can be determined. 

Fig. 2 shows a probe according to the prior art. A support unit 13 supports a 
stylus comprising a supporting element 17 and a sensing member 18 attached to the lower 
end of the supporting element 17. The sensing member 18 is a sphere, preferably a sapphire 
sphere. 

The stylus 17,18 is suspended from the support unit 13 by spring means 19, so 
that the supporting element 17 can move with respect to the support unit 13. The supporting 
element 17 can only deviate from its original position if a force (arrow 21) is exerted on the 
sensing member 18, and therefore the supporting element 17 will deform (mainly bending). 
Such bending takes place when the sensing member 18 is abutting on the surface of an object 
15 as shown in Fig. 2. 

The degree of deformation of the supporting element 17, as shown in Fig. 2, is 
much more than in fact will happen during operation of the probe, but it makes clear that a 
portion of the supporting element 17 will deform. The original position 21 of the stylus 17,18 
is shown in dotted lines in Fig. 2. 

Because the supporting element 17 moves relative to the support unit 13, a 
detection member 22, attached to the upper end of the supporting element 17 will move 
corresponding to the movement of the sensing member 18. The support unit 13 comprises 
detection means 23 for detecting the position of detection member 22 relative to the support 
unit 13. By measuring the position of detection member 22 the position of sensing member 
18 can be calculated. 
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However, because of the bending of a portion of supporting element 17, the 
movement of the detection member 22 is not proportional to the movement of the sensing 
member 18. Although the degree of deformation (mainly bending) can be estimated and 
included in the calculation of the position of the sensing member 18, the deformation of the 
supporting element 17 is one of the main sources of measurement uncertainty when the 
position of the sensing member 18 is determined. 

Fig. 3 shows a probe corresponding to the probe of Fig. 2, however, the 
sensing member 18 is connected to the support unit 13 by a tube-like supporting element 25. 
This tube-like supporting element 25 is connected to the support unit 13 by spring means 19. 

The detection member 22 is not attached to the supporting element 25, but it is 
carried by a connection element 26. The connection element 26 is attached to the sensing 
member 18 and extends inside the hollow supporting element 25 without touching the 
supporting element. 

Because the sensing member 18 and the detection member 22 are 
interconnected by connection element 26, the connection element 26 and the detection 
member 22 not contacting any other part of the device, there will always be a predetermined 
relation between the position of the detection member 22 and the position of the sensing 
member 18. 

Therefore, the position of the sensing member 18 can be calculated when the 
position of the detection member 22 is detected by the detection means 23, independent of 
any bending of the supporting element 25. 

Fig. 4 is a sectional view of a second embodiment of a probe where the 
sensing member 18 comprises not only the spherical portion 28, but also a bar-like portion 
29. The tube-like supporting element 25 and the connection element 26 are both attached to 
the bar-like portion 29 of the sensing member 18. 

Fig. 5 shows a third embodiment of a probe, where the supporting element 25 
and the connection element 26 are positioned in parallel with each other. Supporting element 
25 is connected to the support unit 13 through a spring-like element 27, for example a leaf 
spring. Both elements 25,26 have a bend of for example 90 degrees, so that the sensing 
member 18 is positioned sidewardly. Such sidewardly directed sensing member 18 can be 
used to measure the inside surface of a sidewardly located bore. 

Detection member 22 is attached to connection element 26 and its position 
with respect to the support unit 13 can be measured by detection means 23. After the position 
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of the detection member 22 has been measured, the position of the sensing member 1 8 can be 
calculated, independent of any bending of supporting element 25. 

Fig. 6 shows a fourth embodiment of a probe, where the sensing member is 
provided with more spherical portions 28, in this example three, which are interconnected by 
bar-like portions 29. Each of the spherical portions 28 can contact the object to be measured, 
depending on the direction the object is approached from. 

Fig. 7 shows an embodiment of the detection means 23 of the probe. The 
connection element 26 carries at its lower end the sensing member 1 8 and at its upper end the 
detection member 22. As explained above, the position of the sensing member 18 can be 
calculated when the position of the detection member 22 is measured. The position of the 
detection member involves the location of the detection member 22 as well as its orientation. 

The detection member 22 is shaped as a pyramid having three inclined 
triangular surfaces 30, being mirrors. From ahead three laser beams 31 are provided through 
three fibers 32 and three lens systems 33. Each of the three laser beams 3 1 is directed to one 
of the three triangular mirrors 30 of the detection member 22. The three laser beams 35 are 
reflected by the mirrors 30 and received by three detector screens 36. Each of the three 
detector screens 36 measures the location where the laser beam hits the screen. 

All the components of the detections means 23: the fibers 32, the lens systems 
33 and the detector screens 36, are fixed in the support unit 13. Therefore, the position of the 
detection member 22 can be calculated based on the data coming from the three detector 
screens 36, i.e. the locations whore the laser beams 35 strike the detector screens 36. 

With such a system the location and the orientation of the detection member 
22 can be measured without introducing any mechanical contact between the detection 
member 22 and the support unit 13, so as to avoid any mechanical loading of the connection 
element 26. 

After the position of the detection member 22 has been measured, the position 
of the sensing member 18 can be calculated, so that the relevant spot on the surface of the 
object 15 to be measured is determined. 

The embodiment of the coordinate measuring device as described above is 
merely an example; a great many other embodiments are possible. 



